We compared the results of the Sysmex NE-8000 with those of the Sysmex E-4000 and the Technicon H-6000. Both for the whole blood cell count and the leukocyte differentiation we obtained intraand inter-assay coefficients of variation fully comparable with those for other cell counters.
Introduction
The discrimination of this so-called three-part dif A rapid development has taken place in recent years c y tometer in the anal y sis of the P article size of P eĩ n the field of cell counting and cell differentiation of ri P heral blood cells ha^ " ow been im P r°ved > so that peripheral blood cells (1) (2) (3) . The steadily increasing a five -P art ^ukocyte differentiation, m addition to demand for analyses has stimulated the introduction the usual Peelers of the whole blood cell count, r. r ,. t u· 4.· ^ j u· can be performed by a single machine, the Sysmex of faster and more sophisticated machines.
The trend in instrumentation has been towards a _-_ ,._ Λ . r* ii ... j 11 j-rv-.· A · The live-part dif results are actually reported as neucombmation of cell counting and cell differentiation Λ ., t .
., _,. ,. _ ττ ^~~~ ,_ , . Λ . -t ^ 01 direct current and radio frequency measurement measurement. The H-6000 (Technicon) is of the for-. . i j ^ n , ~ " ΛΛΛΛ -, tor the diiierentiation of the volume and the cell mer type, whereas the Sysmex E-4000 is a three-part , Λ . r , t t j-r · j * 4. τ^ r /ΙΛΛΛ * 4. 1. content (nucleus) of the leukocytes, dif impedance cytometer. The E-4000 presents the leukocyte differentiation as a three-part differentia-In order to test the capabilities and limitations of this tion on the basis of the volume distribution analysis automated cell counting and five-part cell differentiaof the white blood cells.
tion machine, we compared the results of the Sysmex NE-8000 with those of the Sysmex E-4000 and the Technicon H-6000, the cytochemical flow cytometer. As a guideline for this investigation we used the protocol for the evaluation of automated blood cell counters as recommended by the International Committee for Standardization in Haematology (ICSH) (4).
Materials and Methods

Materials
We analysed in this study 513 samples from inpatients (52%) and outpatients (48%) without selection. The samples were drawn into EDTA-K 2 -containing tubes (Sarstedt, FRG). In addition, we had at our disposal 150 blood samples from healthy blood donors from the Red Cross Blood Bank of Maastricht for reassessing the reference values for the new analyser (NE-8000).
Venous blood (5 ml) was collected in vials containing 7.5 mg EDTA-Na 2 (Venoject). The samples were kept at room temperature for maximally 5 hours before they were run on the Sysmex NE-8000 (Toa Medical Electronics Corp., Kobe, Japan).
Apparatus
We tested the new Sysmex NE-8000 (Toa Medical Electronics Corp., Kobe, Japan) against the Technicon H-6000 (Technicon Instruments Corp. Tarrytown, New York) and the Sysmex E-4000 (Toa Medical Electronics Corp., Kobe, Japan). Each cytometer was in routine performance in our laboratory and was operated by experienced technicians.
The Technicon H-6000 was calibrated for the whole blood cell count daily, using the quadruplicate results of the Sysmex E-4000 for a fresh sample from a proband with normal haematological results. All cytometers were used daily in the internal quality control programme.
Data analysis
The relation between the results from the Sysmex cytometers (NE-8000 and E-4000) and the Technicon H-6000 were calculated by orthogonal regression analysis according to Deming (5, 6) . In addition, the Pearson rank correlation coefficient (r) was calculated for the corresponding parameters. The significance of the differences between the mean results of the three cytometers was tested with Student's t-test. We assayed the analytical performance of the Sysmex NE-8000 by calculating the sensitivity and specificity of the leukocyte subfractions against the results of the small cell ratio, middle cell ratio and the large cell ratio of the white blood cells of the Sysmex E-4000 at rising decision limits of the three-part dif parameters, as well as against the five-part results of the Technicon H-6000.
Results
Intra-assay precision
The intra-assay CVs for the leukocyte formula could be determined only partially, owing to the absence of some of the subfractions (neutrophils, eosinophils) in the commercially available control samples. These CVs could only be determined with the aid of fresh samples. The results are given in erythrocytes was 0.22%, for leukocytes 0.95%, for haemoglobin 0.21%, and for the haematocrit 0.26% (tab. 1).
Linearity
The samples for the linearity measurement of the leukocytes and platelets were prepared by diluting samples with high values with autologous plasma. Samples for the measurement of the haemoglobin and erythrocytes linearity were obtained by diluting packed cells with their own plasma. All determinations were carried out in duplicate. The results are given in table 1. For leukocytes, linearity was found from zero up to 60.2 χ 10 9 /1, for the erythrocytes from 1.01 to 9.7 χ 10 12 /1, for platelets from zero to 964 χ 10 9 /1 for the haemoglobin concentration from 1.9 to 17.6 mmol/1.
Inter-assay variation
The inter-assay variations of three different commercially available control blood samples are given in table 2. As can be seen, good results were obtained for the CVs for the whole blood cell count. The CVs for the platelet count at the lower level (59 -67 χ 10 9 /1) and for the leukocyte count (level 1.9-4.3 χ 10 9 /1) were however somewhat higher, with values from 3.9-5.2% and about 2.9% and 3.2% respectively. The CVs for the leukocyte formula were nearly in the same range as those for the blood cell count, with exception of the monocytic, eosinophilic and basophilic series in the low normal range.
Carry-over
The carry-over for the erythrocyte, leukocyte and platelet count was calculated from the equation:
For this purpose the high values were measured in triplicate (Bi, B 2 , B 3 ), followed by three measurements of the low values (A l9 A 2 , A 3 ). The carry-over for
Comparison of the results from the Sysmex NE-8000 with those from the Technicon H-6000
As can be seen from table 3, we obtained high coefficients of correlation for haemoglobin, haematocrit, erythrocytes and mean corpuscular haemoglobin, somewhat lower values for the mean corpuscular volume (0.92) and low values for mean corpuscular haemoglobin concentration and relative distribution width.
Tab. 2. Inter-assay variation of three different commercial blood samples assayed with the NE-8000, manual-mode, Ν = 20. * Orthogonal regression of y = ax -h b; y = results NE-8000, χ = results H-6000. ** All Pearson correlation coefficients were significant (p < 0.001).
The good correlation is limited to the range between 75 and 99 fl. The results for the platelets and white blood cell series yielded noticeably high correlation coefficients for platelets, leukocytes, neutrophils, lymphocytes and eosinophils (0.98, 0.99, 0.98, 0.99 and 0.98 respectively), whereas moderate correlations were found for the monocytic and basophilic count (0.46 and 0.57).
Comparison of the results from the Sysmex NE-8000 with those from the Sysmex E-4000 Table 4 shows the results for the three cell series. The coefficients of correlation for the erythrocytic parameters are in general high, i. e. 0.99 for the erythrocyte count, 0.98 for the mean corpuscular volume, 0.87 for the mean corpuscular haemoglobin concentration and 0.95 for red cell distribution width.
For the platelet and leukocyte series we again found good correlations, with correlation coefficients for platelets, leukocytes and lymphocytes of 0.99, 0.99 and 0.99, whereas the correlation for the neutrophils amounted 0.93, and that for the sum of the monocytes, eosinophils and basophils (MEB-fraction) was 0.60.
Dif screening ability of the Sysmex NE-8000
The Sysmex NE-8000 offers a flagging facility, which indicates "suspect for" immature granulocytes, left shift, blasts, atypical lymphocytes. On the basis of these signals we investigated a population of inpatients and outpatients as well as a blood donor group.
The results are given in table 5. As can be seen, 68% of the samples showed none of the above mentioned flagging signals. From the 32% samples with the indication "suspect for", the flags can be subdivided in 13.6% immature granulocytes, 12.3% left shift, 9.6% blasts and 0.2% atypical lymphocytes. As could be expected, the number of samples flagged in the blood donor group was very low (2% of all samples). In table 6 the results are given for the frequency and the distribution of the NE-8000 "red suspect flags"; only 1.2% are indicated in blood donors and 12.9% in patients. With respect to the distribution of the flags, the highest percentage is seen for the "platelet clumps" signal (7.8% in the patient group versus 1.2% in the donor group).
Receiver Operating Characteristic (ROC) curves
In order to obtain an objective insight into the analytical performance of the NE-8000 differential count, we used the results to compute the sensitivity and specificity for the leukocyte subfractions (neutrophils, lymphocytes and the sum of the monocytes, eosinophils, and basophils) at rising limits of the five-part differentiation parameters against those of the Sysmex E-4000 ( fig. 1) fig. 2 and 3 ). From figure 1 we can see that on the basis of the E-4000 cut-off levels (lymphocytes 50%, neutrophils 70% and MEBs 10%) the lymphocytes count reached an equal sensitivity/specificity of 97% at the decision limit of 47% on the NE-8000. The neutrophil count reached a somewhat lower peak for the sensitivity/specificity of 90% at the decision limit of 70%. The maximal sensitivity/specificity for the MEB fraction amounted 75% at the decision level of 10%. Figure 2 shows that in relation to the H-6000 cut-off levels (lymphocytes 50%, neutrophils 70%, monocytes 8%, eosinophils 5%, basophils 2%) the sensitivity/specificity reaches a maximum of 97% for the lymphocytes at the decision level of 43%, and a maximum of 92% for the neutrophils at the decision limit of 70%, whereas the sensitivity/specificity peaks were located at 6% for the monocytes (peak of 67%), at 4.8% for the eosinophils (peak of 94%) and at 1.5% for the basophils (peak of 83%) ( fig. 3) .
Reference values Table 7 shows the the reference values on the Sysmex NE-8000 for males and females, both for the whole blood cell count and for the leukocyte differentiation. In general, the values are comparable with those obtained with the Technicon H-6000. This is especially important for the reference values of the monocytic, eosinophilic and basophilic series, which are the new parameters in the recently introduced Sysmex NE-8000. Little difference can be seen for the lower limit of the lymphocyte count (15 vs. 20%). Noticeable is the somewhat lower reference range for the NE-8000 leukocyte count in comparison with the results from the H-6000.
Discussion
The newly introduced Sysmex NE-8000 is designed for whole blood cell counting and for five-part leukocyte differentiation. We were interested in the analytical capabilities and in the performance of this socalled five-part differentiation with that of the Technicon H-6000 and the Sysmex E-4000, both of which are routinely in use in our laboratory. The intra-and inter-assay variations of the Sysmex NE-8000 were good and showed correlation coefficients fully comparable with those for other blood cell counters (7 -10). The carry-over was negligible. The linearity range was so broad as to be universally useful in routine haematological analysis for all cell lines. The numerical results of the Sysmex NE-8000 and the Technicon H-6000 compare well, with exception of the mean corpuscular volume and the haematocrit, and consequently the mean corpuscular haemoglobin concentration.
Both in the lower mean corpuscular volume region (< 75 fl) and the higher mean corpuscular volume (> 100 fl), the mean corpuscular volume values on the NE-8000 are higher than in the Technicon H-6000. This difference was not found in the comparison of the mean corpuscular volume results on Sysmex NE-8000 and Sysmex E-4000.
This type of a discrepancy has already been reported and discussed (11) in our comparison of the Sysmex E-4000 and the Technicon H-6000. We can conclude again that the performance of both types of instrument is problematic as far as erythrocyte volume measurement is concerned. The numerical results of the Sysmex NE-8000 and the Sysmex E-4000 showed excellent agreement. The leukocyte differentiation showed good correlations between the Sysmex NE-8000 and the Technicon H-6000 for the lymphocytes, neutrophils and eosinophils, whereas the conformity between the monocytes and basophils was poor. The same pattern was found after comparison of the Sysmex NE-8000 and the Sysmex E-4000. Good correlation and conformity were found for the lymphocytes/small cell ratio and neutrophils/large cell ratio, but the correlation for the sum of the monocytes, eosinophils and basophils of the Sysmex NE-8000 and the middle cell ratio of the Sysmex E-4000 was relatively poor. We found not only excellent agreement between the lymphocytes (NE-8000) and the small cell ratio of the Sysmex E-4000, but also high sensitivity and specificity (max. 87% at 47% cut-off level) when comparing the Sysmex NE-8000 and the Sysmex E-4000 for their ability to discriminate normal from abnormal lymphocyte rates as assayed by the Sysmex E-4000. The neutrophilic rates of the Sysmex NE-8000 represented a high sensitivity for increased rates of neutrophils, as well as good confirmity with the large cell ratio of the Sysmex E-4000. The sensitivity/specificity reached maximally 90% at the cut-off level of 70%. The enumeration of the Sysmex NE-8000 monocytes, eosinophils and basophils correlated significantly with the middle cell ratio of the Sysmex E-4000; the performance of this summed leukocyte fraction is poor with a maximal sensitivity/specificity value of 75% at a decision limit of 10%. ROC curves constructed for the NE-8000 with the H-6000 as a reference revealed high peaks for the sensitivity/specificity point of interception for the neutrophils (92%), lymphocytes (97%) and the eosinophils (94%) at decision levels respectively of 70%, 43% and 4.8%. The results for the basophils were also satisfactory (peak of 83% at 15% cut-off level).
The monocytic peak sensitivity/specificity was rather low with a peak height of 67% at a cut-off level of 6%. The occurrence of flagging on the Sysmex NE-8000 is based upon analysis of the leukocyte histogram. The software of the leukocyte histogram analysis provides a number of "abnormal flaggings" based upon the numerical counts, together with the following 4 "suspect flaggings" based solely on the leukocyte histogram analysis: blasts, immature granulocytes, left shift and atypical lymphocytes. Our finding was that the flagging frequency of the NE-8000 amounted to about 30% in a nearly equally mixed population of inpatients and outpatients. The flagging could be subdivided into 9.6% blasts, 12.3% left shift, 13.6% immature granulocytes and 0.2% atypical lymphocytes. A very low incidence of flagging was anticipated amongst the blood donors, and this was indeed the case. These findings, especially for the leukocyte differentiation, provide further evidence for the good differentiation capability of the new Sysmex NE-8000. Although differences between the Sysmex NE-8000 and the Technicon H-6000 were found only in some reference parameters for the cell count and cell dif-ferentiation, the deviations were nevertheless of such a magnitude that every laboratory should reassess its own reference values when it introduces the Sysmex NE-8000.
In conclusion, the Sysmex NE-8000 showed good performance characteristics for the whole blood cell count, compared with the Technicon H-6000 and the Sysmex E-4000. Although the red blood cell parameters agreed very well, caution should be exercised with respect to those parameters based upon volume measurement, because there were considerable differences in the mean corpuscular volume measurements on the two types of instrument. In the leukocyte formula the Sysmex NE-8000 and the Technicon H-6000 showed excellent agreement for the neutrophils, lymphocytes and eosinophils. The monocytic and basophilic series showed lower correlation and conformity.
The question remains as to which apparatus delivers the correct results, since there is no gold standard for these parameters. Nevertheless, the use of the Sysmex NE-8000 for white blood cell differentiation serves well for the identification of those samples that need microscopic examination.
